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Abstract 
Dialysis is the most common treatment for chronic renal failure patients in Japan now. In recent years, the 
number of dialysis patients has been increasing, and it is the second largest in the world. Dialysis requires the 
installation of a vascular anastomosis, called an arteriovenous (AV) fistula, in the forearm or other part of the 
patient's body. However, daily management of the AV fistula is very important because occlusion or stenosis 
often occurs due to the stress from puncture or turbulent blood flow. Current management methods include 
palpation, visual examination, and ultrasonography, but these methods rely on the subjectivity of the examiner 
and require extensive experience. In addition, if an abnormality of the AV fistula is suspected in the initial 
diagnosis, definitive diagnosis has to be made by angiography using X-rays, but angiography requires 
problems of radiation exposure, the burden of contrast media on the kidneys, and large-scale equipment. In 
order to solve these problems, we have proposed a new technique for imaging AV fistulae using optical imaging. 
In addition, we have demonstrated the possibility of clinical application of the new technology using a compact 
and lightweight device that can be used at the bedside. In this paper, we investigated the possibility of 
estimating the internal diameter of a stenotic vessel in a case where the stenosis progresses from the skin 
surface to the depth direction, which has not been investigated before. We also addressed the problem of 
improving the accuracy of forearm phantom fabrication by applying an X-ray non-destructive inspection 
technique. In summary, this study has demonstrated the applicability of the proposed technique to the clinical 
field to achieve continuous management of AV fistulae. 
1. はじめに
近年，慢性透析患者数の増加が顕著であり，日本 
透析医学会の報告(1)では 2018 年には国内で 33 
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感度冷却式 CCD カメラ(Hamamatsu Photonics，
C4742-95, 16 bit)，光源には LED (Ushio Opto 
Semiconductors Inc，L810-03AU，λ= 810 nm，1.4 








Fig.1. Principle of transillumination 























ここで   𝜅𝜅𝑑𝑑2 = 3𝜇𝜇𝑎𝑎�𝜇𝜇𝑠𝑠



























は Fig.4 に示すとおり 2 パターンとし,正常な血管
内径 d = 5 mm に対してそれぞれ初期の狭窄（ d = 











Fig.3. Structure of model phantom. 











d = 3.0 mm d = 1.0 mm 
(a) Early stage (b) Advanced stage 
















































1.20 mm-1 ,吸収係数𝜇𝜇𝑎𝑎= 0.002 mm-1）(11)，血管壁
部（𝜇𝜇𝑠𝑠′ =1.50 mm-1， 𝜇𝜇𝑎𝑎 = 0.15 mm-1）(12)，血液部





























































(a) Schema    (b) X-ray image 
Fig.5. Phantom of the stenosis part. 
Measurement of intensity (Dashed line) 






































(a) Non-stenosis part 
























(b) Stenosis part 
(inner diameter:3.0 mm) 
Fig.7. Detection of localized stenosis in 
Intensity profile. 










(a) Early stage stenosis part 

















(b) Advanced stage Stenosis part 
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た．しかし，無狭窄（d = 5.0 mm）と初期狭窄（d 
= 3.0 mm）の輝度比は 1.17 であったのに対し，無
狭窄（d = 5.0 mm）と進行後の狭窄（d = 1.0 mm）
では 1.45 であり，初期狭窄時と比較的して約 24％
の変化であった．また本来は輝度変化が見られない
はずの狭窄辺縁部にも輝度変化率の増加が見られ














ド ラ イ ン (15) で は 経 皮 的 血 管 拡 張 術
（PTA:Percutaneous Transluminal Angioplasty）適
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